K awasaki disease (KD) was first described in 1967 ((ref. 1)).
It is an acute and self-limiting systemic autoimmune vasculitis that primarily affects medium-sized blood vessels, especially coronary arteries. If not treated in a timely manner, 15-25% children with KD develop coronary artery lesions (CALs) or coronary artery aneurysms (CAA) with thrombi (2) , which can lead to myocardial ischemia, infarction, and even sudden death. Although the exact pathogenesis of KD has not yet been fully delineated, a number of studies have shown that the immunoreactions in KD result in an increase in inflammatory cytokines that induces vasculitis and the development of CALs (3, 4) . Our previous study demonstrated that the increased serum levels of inflammatory cytokines, including adiponectin, resistin, tumor necrosis factor-α (TNF-α), interleukin-1β (IL-1β), and interleukin-6 (IL-6), participate in the immunoreaction behind vasculitis and are related to the development of CALs in KD (5, 6) .
C1q-tumor necrosis factor-related proteins (CTRPs) are part of a highly conserved family of adiponectin paralogs that was recently determined to include the 15 family members of CTRP1-CTRP15 ((ref. 7) ). Members of the CTRP family have a modular organization similar to adiponectin and consist of four distinct domains, including an N-terminal signal peptide, a short variable, collagen-like, and C-terminal C1q-like globular domains (8, 9) . These CTRP family members significantly influence the regulation of glucose and lipid metabolism, inflammation, myocardial protection, and vasodilation (10) . CTRP1 is primarily secreted by stromal vascular cells, including adipose tissue macrophages, preadipocytes, and endothelial cells (11) . CTRP1 mRNA expression is the highest in adipose tissue (12, 13) , although it is also expressed in the heart, placenta, muscle, kidneys, prostate, and ovaries (14) . Recent evidence demonstrates that increased CTRP1 serum levels are protective against acute ischemic injury in coronary artery diseases (15) . TNF-α and IL-1β increase CTRP1 expression (13) , and IL-6 expression is positively associated with CTRP1 ((ref. 16) ). Furthermore, CTRP1 acts as a potent antithrombotic factor and prevents collageninduced platelet aggregation by blocking von Willebrand's factor from binding to collagen (17) .
However, currently, there are no data on serum CTRP1 levels and the relationship between CTRP1 and KDassociated vasculitis. Therefore, we examined the serum CTRP1, TNF-α, IL-1β, and IL-6 levels and compared the general inflammatory indices in patients with acute KD.
METHODS

Subjects and their General Characteristics
Eighty-seven KD patients consisting of 50 males and 37 females (average age 2.373 ± 0.206 years) and 38 healthy control (HC) children consisting of 22 males and 16 females (average age 2.771 ± 0.304 years) were enrolled from the Children's Hospital of Chongqing Medical University in Chongqing, China. All of the KD patients were diagnosed in strict accordance with the criteria proposed by the Japanese Circulation Society Joint Working Group (18) . The KD subjects were confirmed to be absent of metabolic diseases or any other associated immunological diseases. This study was approved by the Ethics Committee of Children's Hospital, Chongqing Medical University, and written informed consent was obtained from the parents or appropriate guardians of each of the subjects.
Echocardiography was performed on the KD patients within 2 weeks of the onset of the disease and before administration of intravenous immunoglobulin (IVIG) and anticoagulants. The echocardiographic diagnosis met the criteria proposed by the Japanese Kawasaki Disease Research Committee for each of the patients included in this study: CAL was defined by an internal diameter of an artery ≥ 2.5 mm (0-3 years); ≥ 3.0 mm (3-9 years); and ≥ 3.5 mm (9-14 years), or if the internal diameter of a segment was at least 1.5 times that of an adjacent coronary artery; an internal diameter of an artery 44 mm was defined as CAA (19) . According to echocardiography parameters, 87 KD patients were divided into two groups: KD with CALs (KD-CALs; n = 42) and KD without CALs (KD-NCALs; n = 45). All the KD patients were treated with 2 g/kg IVIG and oral aspirin after 5 days of fever.
The time point of IVIG, white blood cell counts (WBCs), platelet counts (Plts), hemoglobin (Hb), percentage of neutrophils (N%), percentage of leukomonocytes (L%), mean platelet volume (MPV), platelet distribution width (PDW), plateletcrit (PCT), C-reactive protein (CRP), erythrocyte sedimentation rate (ESR), procalcitonin (Pct), aspartate aminotransferase (AST), alanine aminotransferase (ALT), and creatine kinase-MB (CK-MB), as well as the blood coagulation parameters prothrombin time (PT), PT international normalized ratio (PT-INR), activated partial thromboplastin time (APTT), fibrinogen (FIB), thrombin time (TT), and D-dimer (DD) were collected from all KD patients. Blood samples were drawn before administration of IVIG and anticoagulants.
Sample Collection and Processing
Venous blood samples were drawn from the KD patients on the day of admission before receiving IVIG and anticoagulants. The blood samples were then immediately centrifuged at 3,000 revolutions/min for 10 min to separate out the serum. The same procedure was performed to obtain serum samples from the HCs. All the blood samples were stored at − 80°C.
Measurement of Serum CTRP1, TNF-α, IL-1β, and IL-6 Concentrations Serum levels of CTRP1 in all subjects and TNF-α, IL-1β, and IL-6 levels in KD patients were measured using an enzyme-linked immunosorbent assay kit (RayBiotech, Atlanta, GA) according to the manufacturer's instructions. All the samples were measured in duplicate at the appropriate dilutions. The intra-and interassay coefficients of variation for the levels of CTRP1, TNF-α, IL-1β, and IL-6 were o10% and o12%, respectively.
Statistical Analysis
Serum cytokine levels were analyzed as quantitative traits. All the values are described as mean ± SD or number and percent (n, %). Comparisons of frequencies between groups were analyzed using χ 2 -test. Differences between groups were assessed using Student's t-tests. Pearson's correlation was used for analysis of associations between sequential parameters. SPSS 19.0 software for Windows (SPSS, Chicago, IL) was used for all statistical analyses. A two-sided P value of less than 0.05 was considered statistically significant.
RESULTS
Serum CTRP1 Levels in all Study Subjects
When comparing the KD and HC groups, no significant differences in age and gender (P40.05) were found. As shown in Figure 1 , compared with the HC group, serum CTRP1 levels were significantly higher in the KD group (Po0.05). IL-1β, and IL-6 levels (Po0.05) in the KD-CALs group (Table 3) .
Correlation Between CTRP1 Levels and Blood Coagulation Parameters in KD Patients
Serum CTRP1 levels were not significantly correlated with PT, PT-INR, APTT, FIB, or DD (P40.05). However, there was a positive correlation between the CTRP1 levels and TT (Po0.05; Table 4 ).
DISCUSSION
CTRP1 has been reported to regulate metabolism (20, 21) and its expression is induced during inflammation(11). Inflammatory cytokines such as TNF-α and IL-1β could mediate the elevations of CTRP1 ((ref. 13) ). We were motivated to study serum CTRP1 levels in terms of the relationship between serum CTRP1 levels and vasculitis and CALs in children with KD. We found that serum CTRP1 levels in acute KD patients were significantly higher than those in the HCs, and serum CTRP1, TNF-α, IL-1β, and IL-6 concentrations were even higher in the KD-CAL group than in the KD-NCAL group. Furthermore, we found that CTRP1 levels were positively correlated with WBC, N%, TT, Pct, TNF-α, IL-1β, and IL-6 levels, but were negatively correlated with L% in patients with KD. In addition, serum CTRP1 levels were positively correlated with the time point of IVIG, the levels of WBC, N%, Pct, TNF-α, IL-1β, and IL-6 in the KDCALs group.
As an inflammatory factor, CTRP1 was found to act in many chronic diseases such as coronary artery diseases (22) , and there were no data about CTRP1 levels in acute diseases such as KD. Our present study found that CTRP1 levels were much higher in acute KD patients than in the HC group, indicating that CTRP1 may act as an inflammatory factor in the vasculitis in the acute phase of KD. Furthermore, the CTRP1, TNF-α, IL-1β, and IL-6 levels in the KD-CAL group were much higher than in the KD-NCAL group. As our previous study demonstrates, the increased TNF-α, IL-1β, and IL-6 levels participate in the inflammation associated with the development of CALs. Similarly, the increased CTRP1 levels in KD-CALs revealed that CTRP1 may mediate the development of CALs in KD. As reported, inflammatory cytokines such as TNF-α, IL-1β, and IL-6 could promote the elevations of CTRP1 expression, and the increased levels of TNF-α, IL-1β, and IL-6 in KD may induce the CTRP1 expression to regulate the vasculitis. In addition, we found that the CTRP1 levels were positively correlated with WBC, N%, and Pct levels and negatively correlated with L% in KD patients. Studies have indicated that bacterial or viral infections participate in the pathogenesis of KD (23, 24) . Bacteria and viruses have been implicated as the causative agents of KD (25) . As indices of infections, WBC, N%, and Pct levels reflect the inflammation in KD. High WBC, N%, L%, and Pct values indicate serious inflammation. When inflammation occurs, CTRP1 levels increase to regulate the inflammation, and our data indicate that CTRP1 acts as an inflammatory cytokine in KD. However, as WBC, N%, and Pct are typically significantly elevated and L% decreased when the body has a bacterial infection, CTRP1 levels may be more sensitive to bacterial infections than viral infections. Kim et al. (13) found that TNF-α and IL-1β increase lipopolysaccharide-induced CTRP1 expression in adipose tissue. The study by Tang and coworkers revealed that CTRP1 expression is positively correlated with IL-6 levels(17). We obtained similar results in this study, where TNF-α, IL-1β, and IL-6 levels were positively correlated with CTRP1 levels. These cytokines were increased to induce the secretion of CTRP1. Furthermore, serum CTRP1 levels were positively correlated with WBC, Plt, N%, Pct, TNF-α, IL-1β, and IL-6 levels. With the more severe inflammation in KD with CALs, CTRP1 may be highly secreted and promote the inflammatory factors during the vasculitis in KD. The pathological process behind KD is complex and much of it remains unknown. Serum cytokines, such as TNF-α, IL-1β, IL-6, and CTRP1, may act synergistically to exert a positive effect on the development of vasculitis. KD is invariably associated with an inflammatory process, with an elevation in WBC, CRP, and ESR (26) . Typically, WBC, CRP, and ESR values are regarded as predictors of the levels of inflammation and the occurrence of CAA. However, in this study, serum CTRP1 levels were not significantly associated with CRP or ESR in either KD patients or the subgroups of KD-CAL and KD-NCAL patients, suggesting that CTRP1, CRP, and ESR may act through different signaling pathways during pathological processes.
Randomized controlled trials and meta-analysis have unequivocally demonstrated the administration of IVIG and aspirin reduces the occurrence of CAA (27) . The optimal dose of IVIG is 2 g/kg, usually administered as a single infusion. If the IVIG is not administered in a timely manner, a percentage of children with KD will develop CALs (2) . In this study, the time point of IVIG in KD-CALs was a little longer than that in KD-NCALs. Although the difference was not significant, the time point of IVIG correlated with the increased incidence of CALs. In addition, serum CTRP1 levels were significantly correlated with the time point of IVIG in the KD-CAL group. As the period of time between the illness day and starting IVIG increased, the vasculitis became more serious and more endothelial cells and smooth muscle cells were injured, thus aiding in the development of CALs. Under inflammatory stress, CTRP1 may increase to mediate KD-associated vasculitis.
Via its C-terminal C1q-like globular domain, CTRP1 could inhibit collagen-induced platelet aggregation by blocking von Willebrand's factor binding to collagen (18) . In our study, we found that the TT in KD-CAL group was longer than that in the KD-NCAL group (data not shown); however, this difference was not statistically significant. However, CTRP1 concentrations were positively correlated with TT. These data indicate that CTRP1 may positively regulate blood coagulation and prevent thrombus formation in KD.
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CONCLUSION
This is the first study to demonstrate that serum CTRP1 levels are significantly elevated in KD children with CALs. The serum TNF-α, IL-1β, and IL-6 levels correlated with serum CTRP1 levels during the acute phase of KD. These observations indicate that CTRP1 has an indispensable role in KD-associated vasculitis, and CTRP1, TNF-α, IL-1β, and IL-6 may exert synergetic effects on the regulation of inflammation during the acute phase of KD. Furthermore, CTRP1 may positively regulate coagulation of the blood and prevent thrombus formation in KD patients. As the volunteers are limited, the HCs are in a lower proportion than patients with KD. The mechanism of action and signaling pathway(s) involved in the role of CTRP1 in vasculitis and development of CALs in acute KD remain to be further investigated.
